ARTICLE Fuzzy Information and Engineering 
https://doi.org/10.26599/FIE.2024.9150035 ISSN: 1616-8658 


Unveiling Internet Streaming Services: A Comparison Using 
Neutrosophic Graphs 


M. Kaviyarasu ““ 


ABSTRACT 

This paper investigates the inverse of the maximum result obtained by multiplying two unique graph types 
known as neutrosophic graphs. The main goal is to comprehend a point’s degree in the opposite situation of a 
neutrosophic graph’s maximum product. The study deals with two particular graph kinds and offers several 
conclusions and evidence regarding the opposite of the highest product. The research also contains a practical 
application of these ideas by locating an online streaming service utilizing a neutrosophic graph and a technique 
known as normalized Hamming distance and normalized Euclidean distance. Finally, the comparison results 
are given. 
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1 Introduction 


raphs are commonly understood to be essentially representations of relations. A good tool for 

expressing information about item connections is a graph. Edges describe relationships, whereas 

vertices represent things. The objects and the relationships between them are represented, 
respectively, by the vertices and edges of the graph. The information that describes the conditions might 
become ambiguous when it comes to global challenges. In a variety of disciplines, including topology, 
optimization, network, and environmental science, neutrosophic models are useful mathematical 
instruments for solving combinatorial issues. Neutrosophic models are more sophisticated than 
straightforward graphical models due to the inherent vagueness and ambiguity they include. When 
neutrosophic set theory was originally applied, it was utilized to solve several intricate problems for which 
there was insufficient information. 

When it comes to applying graph theory to dealing with real-life circumstances, it is seen to be crucial. 
The use of fuzzy set"! theory has no bounds; hence, the fuzzy graph theory has unique relevance. Rosenfeld”! 
presented the notion of fuzzy graphs in 1975, while independently Yeh and Bang also introduced the 
concept of fuzzy graphs"!. Fuzzy graphs are quite different from traditional graphs and are excellent for 


representing interactions that deal with ambiguity. Numerous issues in the fields of computer science, 
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electrical engineering, system modeling, transportation, finance, etc. can be treated by using them. 

The concept of intuitionistic fuzzy sets (IFS), introduced by Atanassov, and represents an extension of 
fuzzy sets that effectively handle ambiguous conditions. Unlike traditional fuzzy sets, IFS structures are not 
confined solely to membership grades, allowing for improved handling of uncertainty. 

The concept of IFS has witnessed significant utilization across various domains. In 1994, Shannon and 
Atanassov" made a notable contribution by introducing the concept of intuitionistic fuzzy graphs (IFG), 
further enhancing the applicability and importance of this mathematical framework. 

The concept of IFG that was initially introduced by Atanassov and Shannon was further elucidated by 
Parvathi and Karunambigai®. Sahoo and Pal” classified IFG products into three categories: Strong, semi- 
strong, and direct. Additionally, Yaqoob et al." extensively investigated the four fundamental operations of 
complex IFG, including the Cartesian product, join, union, and composition. Mohamed and Ali?! 
developed the terms modular, complement, and maximum product on IFG. 

The neutrosophic sets were suggested by Smarandache'”””!. Using imprecise, ambiguous, and inconsistent 
data in practical applications calls for a sophisticated mathematical approach. IFS and interval-valued IFS 
are both included in this category of fuzzy set theory"*’”. The truth, indeterminacy, and falsity membership 
values (T, I, and F), which are independent and fall inside the real standard or non-standard unit interval [0, 
1], are used to describe neutrosophic sets. 

The subclass of neutrosophic sets called single-valued neutrosophic sets (SVNS) was introduced by Wang 
et al.’ with the purpose of facilitating practical implementation in real-world applications. In order to 
create SVNS, IFS with independent membership values between [0, 1] were generalised. SVNS are a subset 
of neutrosophic sets, which simplifies the utilization of neutrosophic sets in practical situations. One may 
find similar research on the growth of the single-valued neutrosophic network in Refs. [19-21]. Kaviyarasu 
et al.'**! explained the concept of regularity in neutrosophic graph theory. Akram et al. introduced the 
notation of new concepts in neutrosophic graphs with application. According to the aforementioned 
literature, the product’s classical, fuzzy, and intuitionistic fuzzy forms are employed in a number of 
industries and provide practical answers to the problems. The max product and their complement in 
neutrosophic graphs have also not been employed in the present study. The proposed method can also be 


used to discover the online streaming service. 


1.1 Motivation 


Numerous uses of neutrosophic graphs and their expansions have been found recently in study. In the field 
of applied mathematics, research on the combination of neutrosophic graphs and their products is 
expanding. In this study, the maximum product of the complement of the neutrosophic graph is used as the 
context. The following is a description of the study’s rationale: 

(1) The max product and complement notions are foundational ideas in graph theory with numerous 
applications in diverse disciplines. 

(2) These ideas expand the options for conveying uncertainty when used in the context of neutrosophic 
graphs. 
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(3) These ideas expand the options for conveying uncertainty when used in the context of neutrosophic 
graphs. 

(4) More ambiguous information cannot be captured using this method. 

(5) When used in the neutrosophic graph setting, it could produce a useful result. 

(6) Additionally, there are issues with finding an online streaming provider. 

It should be emphasized that earlier researches have not addressed these challenges, which fact inspired 
us to offer a workable alternative. As a result, this article discusses these problems and suggests creative 


solutions. The goal of the current study is to contribute significantly to society by accomplishing this. 
1.2 Novelties 


The concepts of the maximum product of neutrosophic graph are introduced in this work. We also give a 
new meaning to the complement of a graph that is neutrosophic. 

1. The notions of the maximum product of neutrosophic graph are defined in this work. 

2. To offer a fresh definition of the neutrosophic graph complement. 

3. This study also teaches the notions of the neutrosophic graph’s maximum product of complement. 

4. To increase the amount of uncertainty that decision-making issues may represent, a max product of 


complement of neutrosophic graph is used. 


1.3 Structure of the paper 


We investigate graphs produced by neutrosophic systems in this work, with particular attention to the 
vertex degree. We address decision-making issues, namely in choosing an internet streaming provider, by 
utilizing the complement of the maximum product of two neutrosophic graphs. We first discuss the 
fundamental ideas behind neutrosophic graphs. In Section 3, we define the term “complement of max 
product of neutrosophic graphs” and talk about degrees. In Sections 4 and 5, we employ normalized 
Hamming distance to locate an online streaming service provider using neutrosophic graphs. We take into 
account the signals provided by other users, choosing the one that most accurately reflects their preferred 
streaming service. Using this method, we may ascertain which service each user prefers depending on how 


well their signals match the options. 


2 Preliminary 


Definition 1° (1) A neutrosophic graph denoted as G = ((To), Io, Fo3),(Tu,,Iu,,Fu;)) is represented 
by G* = (V,E), where V is the set of vertices, and E is the set of edges. The functions To,,Io, and Fo; 
are mappings from V to the closed interval [0,1], signifying the degrees of true, intermediate, and false 
membership, respectively, for each element x; € V. It holds that 0 < Toi(x;) + Io2(x;) + Fo3(x;) <3 for 
all x, € V. 

(2) Moreover, in the context of G*, the functions T,, ,I,,, 
closed interval [0, 1], representing the degrees of true, intermediate, and false membership, respectively, for 


and F,, are mappings from V x V to the 


each edge (x;,x;) € E. 
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Ty, (xi, xj) < Tox (xi) A Tor (xj), 

Tu, (xi,%j) < Ioi(xi) A Ioi(xj), 

Fu, (xi, xj) 2 Foy (x;) A Foi (xj), 

0 < To,(x;,x;) + Io2(x;,x;) + Fo3(x;, xj) < 3. 


Definition 2"! A _neutrosophic graph G= ((Toj,Io2,Fo3),(Ty,,Iu,,Fu;)) is called strong 
neurotsophic graph if 

CL) Te) = Toa AT) 

(2) Iu,(x;,x;) = Io1(x;) A Io1(x;); 

(3) Fu,(x;,%;) = Fo,(x;) A Foi(x;) , 
for all x;,x; € E,i Fj. 

Definition 3”! A neutrosophic graph G = ((To}, Io2, Fo3),(Ty,, Iu, Fu;)) is considered complete if 

() T6546) = Tala) A Tei (es 

(2) Iu, (xi,%;) = Ioy(x;) A Ioi(x;) , 

(3) Fy, (%3,%) = Foi(x) A-Foi(x4); 
for all x;,x; € ViiFj. 

Definition 4"' A neutrosophic graph G = ((Toj, oz, Fo3), (Tu,,Iu,, Fu,)). The order of G denoted 
as O(G) is defined as O(G) = (O7,,(G), Ojc,(G), Ore,(G)), where O7¢,(G) = 2xcevToi(x), O1,(G) = 
Lrevlor(x) and Ops,(G) = XxcvFo3(x) . 

Definition 5“ A neurotsophic graph G = ((To;, 102, Fo3), (Tu,,Iu,,Fu;)) . The size of G, denoted as 
S(G), is defined as S(G) = (Sry,(G),Stu,(G),S,(G)), where Sry(G)= ExyeceT iu, (xy), Sm, (G) = 
Lxycelu,(xy), and Spy,(G) = LyceFu,(xy) . 

Definition 6”! A neutrosophic graph G = ((Toj, 102, Fo3),(Ty,,Iu,,Fu;)). The degree of a vertex x 
in G is denoted by dg(x) = (Td (x), Idf (x), Fd$(x)) and can be calculated as follows: 


Td} (x) =) Tuy (xy) = YY Tey (oy) (1) 
xy xyeE 

Idy(x) = ) Tuy (xy) = )) lus (xy) (2) 
xy xyeE 

Fas (x) = Y) Puy (xy) = Y Fug (xy) (3) 
xy xyCE 


where Td((x) represents the total of type membership scores of the edges connected to vertex x, Id$(x) 
represents the total of intermediate membership scores of the edges connected to vertex x, and Fd$(x) 


represents the sum of false membership scores of the edges connected to vertex x. 


3 Neutrosophic Graphs’ Complement of the Maximum Product 


Definition 7 The complement of a neutrosophic graph G=(V,E) is a neutrosophic graph 
G= ((To,, 102, Fo3),(Tu,,Iu,,Fu;)) where (To,I02,Fo3) = (To), (Io2),(Fo3) and (Tu,,Iu,,Fu;) = 
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(Ti), ua), (Fig) » where Ty,(x,y) = To4(x) A Tol(y) — Tor (xy) Tua(x,y) = loo(x) A 1o2(y) — Io (xy) 
and Fu,(x,y) = Fo3(x) A Fo3(y) — Fo3(xy). 

Definition 8 Let G, = ((To;",Ioy', Fos"), (Tyy", Tuy, Fus')) and Gy = ((Toy", 105”, Fos), (Tuy? 
Tus’, FuS?)) be two neutrosophic graphs. The maxium product of G, and G) is defined as G, XG, = 
a Xm V2, Ey X mE), Ey X mE = {(x1,%1), (x2, ¥2) /%1 = X2, V1, V2 © Ey or yy = y2,%1,X2 € E,}. 


To O*"® (5, y) = To (x) A To? (1) (4) 
To GX m@ (x1, 2) = ios (x1) I re (1) (5) 
Fo ik n@ (x1, ¥2) =To (x1) V Fo,” (v1) - 


yA Ty? (1,92), if x1 = x2, V1, Y2 © Ed; 


Tuy" (1,91), (%2,¥2)) (7) 
'(x1,X2) yA to? (1), if y; = 2, %1, X2 — Ey 
Ty (Ga) (X2,¥2)) (8) 


IuS"( (x1, X2) A Io? (1), ify; = Y2,%X1, X2 € Ey 
(x1) V Fus?(y1,92), if x1 = x2, Yi, Y2 © Ea; 9) 
( 


” X1,X2) V Fo$?(1), if vy) = y2,%1,%2. € Ej 


ye 1) AIU3? (1,92), if x1 = X21, 2 © Eds 
Fu" (4, 91), (%2,¥2)) = 


Fos 
Fu 


Mae 1 In Figs. 1 and 2, Let Gi =(Vi,£,) and G} =(V2,E,) be two crisp graphs, such that 
= {m,t,U3}, Va={vi,n},A= ae and E, = {vv2}. Take two neutrosophic graphs as 
aaa G= (Tor leh Fos ),(Tu iu? Fas)) and G,=((Te? lo? Fos) (Ta ee 


u, (0.7, 0.6, 0.4) v, (0.7, 0.6, 0.4) 


(0.7, 0.6, 0.5) 
u, (0.8, 0.7, 0.5) 
u, (0.7, 0.8, 0.5) v, (0.7, 0.6, 0.5) 
Gl G2 
Fig. 1 Neutrosophic graphs. 


(0.7, 0.7, 0.5) (0.7, 0.6, 0.5) (0.8, 0.7, 0.5) 


“VY, (0.6, 0.6, 0.7) UV, UV, 


(0.7, 0.6, 0.5) 3 
(0.7, 0.6, 0.5) 


(0.4, 0.6, 0.7) 
Max product G,XG, 


Fig.2 Max product of neutrosophic graph. 
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FuS')),and G, x» G,, in Tables 1 and 2. 

Definition 9 The maximum of two neutrosophic graphs’ products in complement G, = ((To;", 
Io$', Fo$'), (Tug, IuS', FuS')) and Gy = ((To??, Io$?, Fo”), (Tut, IuS’, FuS’)) is a neutrosophic 
graphs GXmGz = (((Toy"XmTo;?), 103" Xm 103"), (Io$" Xm o5")), (Tuy Xm Tey”), (IH 2" Xm Ips”); 
(Ius"XmIps?))) on G* = (V,E). 


X1 = X2, Vi yo © Ey Or yy = y2,X1X2 € EF or 
Ey X mE, = (1,1) (2,2) |(x1%2 € Ei, viyo ¢ Ep or %xX2 ¢ E,, yiy2 € Ey or 
1X2 € E, yy € Ey or 11%. € Ey, yiy~r ¢ Er 


(to, Xin To, ey) = (To\" an Toy?) (x1,y1) = To," (x;) V To? (1) (10) 
(Io$ X mlo$?) (x1, 72) = (lo, X mlo¥?)(x1,91) = Io$ (x1) V Io®? (1) (11) 
(Fo$' X m Fo$?) (x1, y2) = (Fo$' X m Fo$?) (x1, 91) — Fo$' (x1) A Fo$? (1) (12) 


where x, € V, and y, € V2. 


(Tey Xm Tuy?) ((%1591)s (%2,92)) = 
(Tot Xm Toy?)(x1, 1) A (Toy X m Toy) (x2, ¥2)— (Tuy Xm Tey?) ((x1,91)s (X2,Y2))s if x1 =e, Wyo © Ea 
(Tot Xm Toy?)(x1,M1) A (Toy" Xm Toy?) (%2,¥2)— (Tuy Xm Tuy”) ((x1,%1)s (X2592)), if =r, mx € Bi; 
(Tot X m Toe?) (x, 1) A (Tot X m Tot”) (2,72), otherwise, 


(Tuy Xm Zeer”) ( 
(le? x, 102 
(let <4 162 

2 


(ler? x4 la? 


—— 


XN), (%2,¥2)) = 

(21,1) A (Toy? X m Toy?) (2, ¥2) — (Ley Xm Tey?) (1,91), (2,2), ifm, = x2, yr € Bas 
(x1, 71) A (Loy Xm Toy?) (x2, ¥2) — (THT Xm Tey?) (x11); (%2592)), if 1 = yo, 1x2 € Ei; 
(x1, V1) A (Io{" Xm IoP?)(x2,¥2), otherwise, 


SSS YH 


(Fug! Xm Fur?) ((x1,1); (%2;92)) = 
(Foy! Xm For?) (x1, 91) V (Foy X m Foy?) (X25 92) — (Uy! Xm Fey?) ((x1,1)s (X25I2))> tf x1 = Xe, yr © Edi 
(Foy! Xm Foy?) (x1, 91) V (Foy X m Foy) (2,92) — (Fey Xm Fey?) (151); (X2,¥2)) if = yo, xe € Bi; 
(Fot" Xm Foy?)(x1,¥1) V (Fo"" Xm Fot”)(x2,y2), otherwise. 


Table 1 Product of two vertex sets. 


Vi Xm Vo uyVi UV, U3V} UV2 UgV2 U3V> 
Toy" x To;? 0.7 0.7 0.8 0.7 0.7 0.7 
Io} x Io}? 0.7 0.6 0.7 0.6 0.6 0.6 
Fo$' x Fo$? 0.5 0.5 0.5 0.5 0.5 0.4 


Table2 Product of two edge sets. 


EE Xm E, U,V}, U3V) U2V}, U3V) U3V), U3V2 UyV2, U3V2 U2V2, U3V2 U2V2, U2V) UV), Uy V2 
THe x THe 0.8 0.8 0.7 0.7 0.7 0.8 0.7 
Tus x Iu@ 0.7 0.7 0.6 0.6 0.6 0.7 0.8 
FuS x FuS 0.5 0.5 0.4 0.4 0.4 0.5 0.5 
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Examine the two neutrosophic diagrams as depicted in Fig. 1 and their respective 


Example 2 
maximum product G, x, G, illustrated in Fig. 2. Subsequently, the complement of the maximum product 


of G; and G; is displayed in Fig. 3. 
Theorem 1 Prove that the complement of complement neutrosophic graph is G, ie, G= G 


Proof By Definition 7, we know that 
To, (x) A Tay) — To, (x) 


4, (%)Y) = 
Ty, (%,y) = To, (x) A Tos (¥) — To, (xy) = 
To, (x) A Tai (y) — (To, (x) A Tory) — To (xy)) = 
To, (xy), 
1, (x (% y= T5,(%) My) = I,,(xy) = 
To,(x) AToa(y) — Uo, (x) A Ini) — To, (x¥)) = 
To, (xy); 
F,, (x,y) = Fo,(x) A Fo, (y) — Fo, (xy) = 


F,,(x) 
F(x) A Feu()) — (Foy(X) A Foi(y) — Foy (29)) = 
F,,(xy 


oO 


Hence G=G. 
Theorem 2 If G, and G) are two regular neutrosophic graphs of underlying crip graphs G] and G 
i) 


with constants Toy", Io$', Fo$', To;”,lo$?,Fo$? and satisfying the following condition: To{" > Ty} 
lo? Sigs. fo, <1 to Sta ley Sle. For fa to ta le oe Fo aT 


To? > Tuy”, IoS? > IuS?, FoS? < Tu$?, Then the max product of two neutrosophic graphs G, and G, is 


regular neutrosophic graph. 


Proof Let G, and G, be two regular neutrosophic graphs. The underlying crisp graphs Gf and G5 are 
r IoS', Fos’ and 


complete graphs of degree d, and d, for every vertices of V; and V>. Given that To 

To;?,loS*,Fo3? are constants, say To<"(x) = C,,lo$'(x) = Cy, Fos'(x) = C3, Vx € Vi, To," (y) = 
C4, 10$?(y) = Cs, Fo$?(y) = Ce, Vy € V2 and Toft" > Tpy”, lof > Ips, Fo? < Ty? To,” 
IuS', FoS? < Ty". As per assumption the max product of two neutrosophic graphs is regular neutrosophic 


21; les 


(0.7, 0.6, 0.5) 
UV, 


(0.7, 0.7, 0.5) 


U,V, 
(0.8, 0.7, 0.5) 
S 


U3V> 


UnV>, 
(0.7, 0.6, 0.5) 


U3V, 
(0.7, 0.6, 0.5) 


Fig. 3 Complement of max product G; x, G2. 
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graphs. Consider (x1, y2) € (To® x » To™) , 


ArrrnTD y= YL (FoR x, TO) (1,91) (x22) = 


(21,91) (x2,92) EE 


LE ((Toe* Xm Toy?) (1,91) A (Toy" Xm Toy”) (x2, 92) — 


1=x2,yiy2Ek, 
(Tuy Xm Ty?) ((x1,91), (x2, ¥2))) + 
Yi ((To?* Xm Toy?) (x1, 71) A (Toy? Xm Toy?) (x2, 2) — 


N=V2,%1%2.EF, 


(Tuy Xm Tey?) (21591) (X25¥2))) + 


y (Gig Mn FOr) (Mid) A (To. Xe TOs”) > ))+ 
x1X2 EE yiyr¢ Ey 
y (( To," ee To,” (x11) A (To® Mii Ta?) (x2, 2) ))+ 
xX Ey yiy2E Ey 
y (( Toy" Xm Toy?) (x1,V1) A (Tot Xm Toy?) (x2, ¥2)) + 
X12 € Ey Myr £2 
(( (For X_ Te.) asi) W(TO Xo, TO, aya Vs 


x2 Ey yiy2¢ Eo 


Since Gj and G5 are complete graphs, then 


AOA l= YY (Clot x, Tae) ayy) A Tol Xm Tor) 92) = 
X1=X2 Yiy2 Ey 


Ce Xm Tuy?) (21,01), (x2,92)))+ 
YE ((Tof" Xm Toy?) (x11) A (Top! Xm Toy?) (x2, 92) — 


M=V2 1X2 €E} 


(Tuy? Xm Tuy?) ( (21, ¥1)s (X25 ¥2))) + 

(( Toy" Xm Toy?) (m,n) A (Tot Xm Toy?) (x2, ¥2) — 
x1x2 CE} yiy2€ Er 
(Tuy Xm Tuy) ( (x19), (X2,92))) + 

(To; Nylon un) ACPO Sa Toy) (x2,y2)). 


x1x2 EE) ,yiy2€E2 


Ay y= YY (ot Xm IoF) (04,91) A lot Xm Toe) (0,92) — 


X1=X2,yiy2€ Ep 
(Tuy X m Tuy?) (1,1), (%2,92))) + 
YE (Cop Xm Toy?) (m1, 1) A Lop" X mor?) (2, y2) — 


N=V2%1x2EF, 


(Tuy X mI uy?) ((x1, 1), (25¥2))) + 
((Loy" Xm Loy?) (x1, 1) A (oy! Xm Toy?) (2,2) — 


X1X2 CE) yiy2 CE2 
(Iu X mI uy?) ((x1, 1); (225 ¥2))) + 
((Ioy" xs Io) (x1, 1) A (Io¢" ae To.?) (x2,Y2)). 


x1x2 EF, yiy2€E2 
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Similarly, 
By) = YL (Bot Xm Lot?) (x1, 91) A (Pot? Xm Fae) (302,92) — 
x1 =X2,yiy2€E2 
(Fuy" Xm Fey?) ((x1,%1), (X2,92))) + 
Yo (Fo? Xm Foy?) (x1, 1) A (For Xm Foy?) (2,92) — 


VM=V2 1X2 Ey 
(Fuy" Xm Fuy?)((x1, 91), (2,92) + 


((Loy" Xm 104") (1,91) A Foy" Xm 104”) (2,2) — 


x1X2 CE] yiy2€ Er 
(Fur Xm Fur?) (1521); (2,92) + 
y ((Foy" X m Fat?) (x4, 91) A (Foy Xm Fort?) (x2,Y2)) : 


x1%2 EE) ,yiy2€E2 


ARTICLE 


Casel If Tol" (x) < Tot?(y), oy" (x) < Iof?(y) and Foy"(x) > Fo¥?(y) forall x € V, and y € Vp. 


Td (x) = Ye (Toy (x) A Toy? (1) A (Toy? (x2) A To}”) (y2) — 


(Tuy Xm Tuy?) (21,91) (X22) + 
YE ((Tor(m) A Toy? (y1)) A (Tot (x2) A Tor? (y2)) — 


(Tuy Xm Tuy?) ((21,91)5 (X22) + 
Yi ((Tof* (x1) A Toy? (1) A (Top (x2) A To}? (y2))) + 


x1x2 EE) yiy2€E2 


YE ((Toy*(m) A Toy? (n)) A (Tor (x2) A Tos? (y2))), 


M1 =X2 yiy2eE2 


1d$" (x,y) = Yi (Hoy (x1) A Toy? (1) A (Loy (x2) A Toy?) (2) — 


x1 =X2,yiy2EE2 
(Tuy Xm Tuy?) (x15 1); (%25Y2))) + 


VE (oy (x1) A Toy? (rn) A Loy" (x2) A 04? (v2) — 


(Tuy X mI uy?) ((x1, 1); (%25¥2))) + 
((Loy" (x) A Toy? (1) A Lop" (x2) A Ioy?(y2))) + 


x1x2 EE) yiyrEE2 


YE (oy (a1) AToy?(n1)) A (Toy (x2) ATo;"(y2))), 


M1 =X2,yiy2eE2 
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Fd (24,94) = y ((Fo}" (x) V Foy? (y1)) V (Fo (x2) V Foy”) (y2) — 


(FuS x m FS) ((x1.91), (%0992))) + 
Y ((FoS (xy) v Fo$(y,)) A (Fos (xa) V FoS(y9)) — 


(Fu Xm Ful?) (xisy1)s(222,92))) + 
Y — ((Fos'(x) v Fo%(y,)) V (Foo (x2) V Fo*(yn))) + 


x12 EEF) ,yiy2E Eg 


YL (Fora) V Foy? (rn) V (Fo;" (x2) V Foy?(y2))). 


M1=x2,Yiy2EEo 


Since by the definition of project of two neutrosophic graphs, 


TA? (xy) = YE Tor?) — (Te Xm THe?) ((x1,%1), (%2,92))+ 


M1 =X2,Viy2EE2 

YO To? (nn) — (Te Xm Te (x), an))+ Yo G= 
M=V25%1X2 CE} x1,X2EE yi y2€E2 

Yi Toy? (n) — Tor? (x1) A Tey? (1,92) + 
M1 =x2,Viy2EE2 

Yo ToP(n)-Te (a) VToPr(n)+ Yo G= 
N=V2,%1%2.EE, 1x2 €Eyiy2€E2 

Yo G-To(a)+ Yo Cy— Toi? (n) + CrdG, (1) dG,(m), 
M1 =x2,Yiy2EE2 N=V2%1%2EF, 


Tae (x1, 1) = (C3 = Ci) dy + C3d,dp. 


Similarly we can find 
Tay" (24,1) = (C3 — Ci) dda + Caida, 
Fay" (21,91) = (Ca — Cy)da + Cada. 


Since G, and G, are two regular neutrosophic graphs, G; and G} represent complete graphs, with 
membership functions denoted by yf" and py?. These membership functions are constants, namely, 
(Ci, Cy) for ue and (C3,C,) for uo. 

Case2 If To{"(x) > Tof?(y),Ioy"(x) > Iof?(y) and Foy"(x) < Foy?(y) forall x € V; and y € Va, 

Ta (x,y) = Yo (Top (x1) — {(Toy" (x1) V Tuy? (n.y2)}) + 


x1 =X2 yiy2E 2 


LE (Torn) — {(Torn) V TH? (m1,2)}) + 


N=V21X2EF) 


G. 
Toy"(x1) = 
x1x2 EF} yiy2€ Eo 


YE G-(ToFa))+ Yo G-(ToH())+ 


M1 =X2 iy2E 2 N=V2X1X2EF, 


CdG, (1) 46, (41) 
Tdy"*""*(x1,y1) =(C, — Cs) da + Cac. 
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Similarly we can find 
Tdi" (x1,91) = (Cy — C3) dy + Cyd, 
3 as (x1, V1) = (Cy = Cy)d, + Cyd)d). 


Because of this, normal neutrosophic graphs have a regular complement of their maximum product. 

Theorem 3 Let G, and G, bea pair of regular neutrosophic graphs derived from the underlying crip 
graph Gj and G3, respectively. The vertex sets and edges sets of G, and G, are complete graphs, and the 
regular netrosphic graphs are associated with them. If Tot > Tu??,Io$' > IuS?,Fo$' < TuS?, 
To Sih le Sis Fo ho, te ST los Si fos HF aid. To eT io 
IuS?, Fo$? > FuS? , a complement graph is a regular neutrosophic graph when it is the maximum product 
of two regular netrosophic graphs. 

Proof The underlying crisp graphs G{ and G} are regular graphs, with every vertex in V; and V> 
having degrees g, and go, respectively. Given that To“, Io, Fo, Tu, Iu, and Fu® are constants, say 
To; (x) = G, lof («) = G, Fo3' (x) = Cs Vx € Vi, Tor? (x) = Ca, lo (x) = Cs, Fos?(x) = Co Vy € Va, 
Tuy" (x1, 91) = er, 1u3 (m1) = eo, Fus"(m,91) = es, Twy?(xin) = ea, THy? (m1, 91) = es, Fus? (x11) = eo 
and: To ST los Sips fos Fas ilo, = Ty les Sie Pos <P. 

Consider (x, y2)e(Toy" x To?) : 

Casel If To{"(x) < Tot?(y),Iof"(x) < Io(?(y) and Fo??(x) > Fo$?(y), Vx € V; and y € Vo, 

Ta) = y ((Toy" (x1) V Tot? (n)) A (Toy" (x2) V Tot? (v2) )— 


(Tu? Xm Tuy?) (21, 91)s (%25¥2))) + 
Y ((Toy (m1) V Toy? (1) A (Toy (x2) V Tor? (y2)) — 


Vi=V2 1x2 CE, 
(Ty Xm Tuy?) ((%1591)s (%25¥2))) + 
> (To}" (x1) V Toy?()) A (Toy (x2) V Toy) (y2) + 


1X2 CE yiy2G Er 


(Toy (x1) V To;*(y1)) A (Toy" (x2) V Toy”) (y2) + 
(Toy (x1) V To;*(y1)) A (Toy" (x2) V Toy”) (y2) + 
(Toy (x1) V To;*(y1)) A (Toy" (x2) V Toy”) (y2) = 


x12 EF yiyrE Eo 


yz To,” (1) - {Tov (x1) V Ta,” (v1, ¥2) }+ 


M1 =X2,Viy2EE2 
YE Toy? (v1) — {Toy (x2) V Toy? (x1, x2) }+ 
M=V25%1X2 Ey 
Yar Yat Yat Y as= 
x1X2€ Ey yiy2¢ Ey xX Ey yiy2E Ey xixrG Bi yiyrGE2 x12 EE, yiy2E Ep 
(Cy — Cy) go + (Ci — Cy) gi + Cade (x1) + [Ex] + Cs|Eildes (yn) + Ca| Ei] |Ea|+ 
Cades (X2)de: (V4). 
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where |F;| and |E>| are the degrees of vertex of complement graphs G; and G3. 
Tay (xy, 1) = (Ca — Ch) g2 + CagilEn| + Cage|Ei| + CalEi|[Ea| + Cigign. 
Ids (2, 91) = (Ca — Ci) g2 + CagilEa| + Caga|Ei| + Ca|Ei| Ea] + Cigige. 
Fds'*(x1,91) = (Cs — Cz) go + Csgi|Ba| + Csgo|Bi| + Cs|Ei||Eo| + Cogign- 


For all vertices, this is accurately V) Xm V2. 
Case2 If To{?(x) < Tof"(y),Iof?(x) < Iof"(y) and Foy?(x) > Fo$'(y),Vx € V; and y € Vo, 
Td O(m,y1)= YY ((Tof(m) V Top? (n)) A (Toy (x2) V Toy? (y2) )— 
X1=X2,Viy2 €E> 
(Tyy" Xm TH?) (1,91), (2,92) + 
Yi (To? (oa) V Toy? (n)) A (To7" (x2) V Tor? (v2) )— 


(Tu! Xm TuS*) (21591), (%2592)))+ 
Y (ToS (x) v ToS (y1)) A (ToS (x) V To®*(y3)) + 


x1x2€ Ey yiy2GE2 
((Toy* (x1) V Tot? (y1)) A (Toy (x2) V Toy?(y2) )— 
x2 GE yiy2GE2 
(Tu Xm Tuy?) (21, 91)s (X25¥2))) + 
Yo ((Toy(m) V Toy? (1) A (Toy (x2) V To}? (y2)) + 


xx €E, yiy2¢E2 
((To;* (x1) V Tot? (y1)) A (To; (x2) V Tor?(y2)), 


x1x2€ EF} yiy2€ E2 


Td 65,94) = Yi (Top(x2)—To(m))+ Yo (Toy (x2) Toy?(n))+ 


M1 =X2,Viy2EE2 Vi=V2 1X2 E2 


y? Toy? (x) + 3 To,?(x,)+ 


xx CE, yiyo¢ Eo x x2 GE, ry GE2 


G: G 
To,?(%) + »y To,” (x1), 
x1x2¢ Ey y2G¢ Eo X\X2 cE yiy2 EE 


where E, and E) are the degrees of the vertices of complement graphs Gj and G3, respectively. 
Td (x4, 1) =(C, — Ci)gi + (Cy — Ca) 2 + CrgilEa| + Ciga|Es| + Ci|Ei||E2| + Cigiga = 
(Ci — C3) go + Cigi|E| + Cigo|Ei| + Ci|Ei||Eo| + Cigigo. 
Similarly, 
Id$'* (x1, y1) =(Ci — Cs) g + Cigi|Ea| + Ciga|Ei| + Ci|Eil|E2| + Cigige, 
Fas (xy, y,) =(Co — Ca) 2 + Cogi|Ea| + Coga|Ei| + Col Eil|Eo| + Cogign. 
For all vertices, this is accurately Vi Xm V2. As a result, the complement of the modular product of two 


regular neutrosophic graphs is also regular. 


4 Application 1 


We want to identify the internet streaming service that particular demographic favors based on their usage 
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trends. We will examine the streaming behaviors of our eight users, U = {uy, U2, U3, U4, Us, Ue, U7, Ug} 
(depicted in Fig. 4) utilizing a series of symptoms or indicators, I = {Video and picture quality, Content 
variety, User interface, Price, Device compatibility}. 

Every individual may have distinct encounters and inclinations, and our goal is to ascertain the 
fundamental factor that sets apart their choice of streaming service from a selection of well-known 
platforms, P = {Netflix, Amazon Prime Video, Hulu, Disney+, HBO Max }(depicted in Fig. 5). 

By utilizing the neutrosophic normalized Hamming distance, we can evaluate the resemblance between 
every user’s inclinations and the accessible streaming platforms. The metric with the minimum distance for 
each user can subsequently be regarded as the fundamental indication or preference that has the greatest 
impact on their selection of streaming service. 

For example, suppose user u, encounters the subsequent indications: Excellent video quality, extensive 
range of content, easy-to-use interface, cost-effective pricing, and support for numerous devices. By 
contrasting their indications with the characteristics of various streaming services, we can establish that the 
primary factor for u; is “Content variety” as it closely corresponds with the offerings of platforms such as 
Netflix or Amazon Prime Video. Likewise, in Tables 3-5 and Fig. 6, we can examine the signs of other users 
and identify the fundamental sign that most accurately reflects their streaming service inclination. This 
method enables us to make inferences about the type of service each user favors by considering their 
symptom resemblances to the accessible choices. For this purpose we need two kinds of observations: 

1. The multiple indicators found in each streaming. 

2. The type of indications found for each stream in a typical given circumcision. Both of these facts are 
noted in a neutrosophic set, which includes descriptions of the membership, indeterminacy, and non- 
membership functions 4,0, and 6, among other things. 

To find the core attribute by utilizing neutrosophic normalized Hamming distance formula (Table 5) for 


Uy 


Fig.4 Neuturosophic cyclic graph Cj. 


Netflix 
Amazon prime video 


HBO Max Hulu 


Disney+ 
Fig.5 Neuturosophic cyclic graph C,. 
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Table 3 User encounters the subsequent indications. 


User Video quality Content variety User interface Price Device compatibility 
uy (0.5, 0.4, 0.4) 0.4, 0.3, 0.3) (0.4, 0.5, 0.3) 0.5, 0.5, 0.5) (0.4, 0.5, 0.6 
Us (0.2, 0.7, 0.3) 0.5, 0.7, 0.4) (0.4, 0.6, 0.5) 0.4, 0.6, 0.5) (0.4, 0.5, 0.6 
us (0.5, 0.4, 0.2) 0.7, 0.3, 0.5) (0.5, 0.6, 0.6) 0.4, 0.6, 0.5) (0.3, 0.5, 0.4 
us (0.6, 0.5, 0.3) 0.5, 0.5, 0.5) (0.3, 0.5, 0.6) 0.6, 0.3, 0.5) (0.5, 0.6, 0.8 
Us (0.3, 0.5, 0.7) 0.3, 0.7, 0.1) (0.8, 0.5, 0.2) 0.3, 0.5, 0.8) (0.4, 0.3, 0.8 
Us (0.4, 0.5, 0.6) 0.7, 0.5, 0.4) (0.7, 0.4, 0.2) 0.6, 0.5, 0.8) (0.7, 0.6, 0.5 
uy (0.3, 0.6, 0.3) 0.5, 0.6, 0.5) (0.2, 0.8, 0.3) 0.5, 0.5, 0.6) (0.7, 0.6, 0.4 
Ug (0.2, 0.5, 0.6) 0.3, 0.6, 0.4) (0.2, 0.5, 0.6) 0.2, 0.6, 0.5) (0.6, 0.3, 0.4 


Table 4 Contrasting indications with the characteristic of various streaming service. 


Characteristic Netflix HBO Max Hulu Disney+ Amazon Prime Video 
Video quality (0.7, 0.4, 0.4) (0.3, 0.6, 0.4) (0.3, 0.7, 0.5) (0.2, 0.6, 0.7) (0.2, 0.7,0.3) 
Content Variety (0.5, 0.6, 0.4) (0.3, 0.7, 0.5) (0.3, 0.6, 0.5) (0.3, 0.5, 0.7) (0.2, 0.7, 0.5) 
User interface (0.2, 0.7, 0.4) (0.1, 0.7, 0.5) (0.4, 0.6, 0.7) (0.8, 0.4, 0.4) (0.2, 0.8, 0.2) 
Price (0.4, 0.4, 0.5) (0.5, 0.2, 0.6) (0.4, 0.6, 0.7) (0. 2, 0.6, 0.5) (0.5,0.6, 0.5) 
Device compatibility (0.2, 0.6, 0.5) (0.2, 0.7, 0.4) (0.0, 0.7, 0.5) (0. 2, 0.6, 0.5) (0.6, 0.3, 0.3) 


Table5 Shortest normalized Hamming distance. 


User Netflix HBO Max Hulu Disney+ Amazon Prime Video 
uy 0.2000 0.2600 0.2800 0.3200 0.2800 
Uz 0.2600 0.2800 0.2200 0.3000 0.2400 
U3 0.1600 0.1800 0.2200 0.3400 0.3000 
U4 0.1800 0.2400 0.2400 0.3600 0.3200 
Us 0.3800 0.4200 0.3200 0.3000 0.4400 
U6 0.2000 0.2800 0.2800 0.3400 0.2800 
U7 0.2400 0.2600 0.2600 0.4000 0.1800 
Ug 0.3000 0.3000 0.2200 0.2800 0.2200 


every indicators of i-th stream from k -th platform is 


LNH(S(Pi), dx) = 5 maxlig(pd — H(de)|, [Hj (Pi) — 4j(4e) Ts [4 (Pi) — (4) LF- 


5 Application 2 


Let’s look at a situation where we wish to determine, based on the ordering patterns of a group of clients, 
which meal delivery service they prefer. We have an array of indicators, I = {Delivery speed, Menu variety, 
User-friendly app, Price competitiveness, Customer support satisfaction}, and a collection of customers, 
C = {customer 1, customer 2, customer 3,..., customer N }. Our objective is to identify the critical 
element influencing each customer's choice of meal delivery service, taking into account their distinct 
experiences and preferences. Here is a list of well-known platforms: P = {Instacart, Grubhub, Postmates, 
DoorDash, Uber Eats}. A metric such as the food delivery normalized satisfaction score allows us to evaluate 
the degree to which the features provided by various food delivery services and the preferences of individual 


customers are comparable. When choosing a meal delivery platform, customers’ primary preference or 
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u,, HBO Max u,, Hulu u,, Disney+ 


u,, Netfli u,, Amazon Prime Video 


U, Netfli u,, Amazon Prime Video 


us, Netf! u,, Amazon Prime Video 


u, Netfli u,, Amazon Prime Video 


us, Netfli u;, Amazon Prime Video 


ug, Netfli u,, Amazon Prime Video 


u,, Netfli u,, Amazon Prime Video 


ug, Netfli u,, Amazon Prime Video 


us, HBO Max u,, Hulu u,, Disney+ 


Fig.6 Neuturosophic graph Gy Xj, G2 


underlying factor can be determined by looking at the measure with the lowest score for each individual 
consumer. Let us take an example where customer 1 is looking for reasonable pricing, fast delivery, a wide 
selection, an easy-to-use app, and excellent customer service. These preferences closely match the features 
offered by several meal delivery services, therefore we can determine that the most important element for 
customerl is “Menu variety”, given how well it matches the offerings of Uber Eats and other similar 
platforms. In a comparable manner, we can examine other consumers’ preferences (Table of customer 
preferences) to determine which important aspect most accurately captures their propensity to use a specific 
meal delivery service. Based on how well a client’s tastes match the options, we can use this method to draw 
conclusions about the kind of food delivery service that each individual consumer prefers. 

To find the core attribute by utilizing neutrosophic normalized Euclidean distance formula (Table 6) for 


every indicators of i-th stream from k -th platform is 


NED(A, B) = = Y(((Tw (xj) — Ty, (%i))? + (Cy, (1) — liv, (4)? + (Fin, (1) — Fr ())?)- 


Table6 Shortest normalized Euclidean distance. 


User Netflix HBO Max Hulu Disney+ Amazon Prime Video 
UY 0.1751 0.2129 0.219 0.2265 0.2236 
U2 0.1861 0.1788 0.1366 0.2018 0.2265 
U3 0.1693 0.238 0.2113 0.2394 0.2633 
U4 0.157 0.1949 0.2756 0.2756 0.2633 
Us 0.2792 0.3065 0.272 0.2309 0.2898 
U6 0.2755 0.2851 0.2847 0.2529 0.2744 
U7 0.1861 0.1788 0.2422 0.284 0.1841 
Ug 0.2542 0.2408 0.2265 0.2581 0.2366 
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6 Result Comparison 


This analysis compares the streaming preferences of eight users (u, to ug) across five major platforms: 
Netflix, HBO Max, Hulu, Disney+, and Amazon Prime Video. Normalized Hamming distance formula and 
normalized Euclidean distance formula methods contribute valuable insights, but the choice of the “best” 
method depends on the specific analysis goals. If a quick overview of individual preferences is needed, 
normalized Hamming distance formula method is effective, and we given graphical representation in Figs. 7 
and 8. 


7 Result Analysis 


The streaming platforms that user’s 1),U2,U3,U4,Ue, and ug prefer vary, and no single platform 
predominates in their usage. Amazon Prime Video (44%) and Netflix (38%) are the platforms of choice for 
user us, as evidenced by their clear preferences. Users u3 and uz assign the largest percentages of their 
streaming time to Hulu (24.22% and 28.4%, respectively), indicating their preference for this platform. 
Users u; and u; strongly prefer Disney+, with u3 dedicating the largest portion of their streaming time to 
this platform (23.94%). When compared to other users, user us has a noticeably higher preference for HBO 
Max (30.65%). Amazon Prime Video is the most favored platform overall, as indicated by the overwhelming 
preference of us; among users. By capturing the wide range of individual preferences, the LNH(S(P;),d,) 
method offers insights into the distribution of streaming time. It is clear from comparing the two tables that 


= Netflix a HBO Max # Hulu 
0.50 - = Disney+ # Amazon Prime Video 


Uy, uz U4 Us Us Uu, Us 


Fig.7 Neutrosophic graphs of normalized Hamming distance. 


Sof 
We 
aon 


oe =] SS 
Fund Ww 
none 


Normalized Hamming distance 


uy, 


sz Netflix mms HBO Max sm Hulu 
035- == Disney+ ss» Amazon prime video 
— Linear (Amazon prime video) 


Normalized Euclidean distance 


uy, Uy uz Uy us ’ Us Uz Ug ; 


Fig.8 Neutrosophic graphs of normalized Euclidean distance. 
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user us consistently prefers Amazon Prime Video in both analyses. The information emphasizes how 
crucial it is to comprehend unique user preferences in order to customize content and enhance the 
streaming platform user experience. The analysis emphasizes how platforms must plan their content 


offerings to take into account the variety of user preferences. 


8 Conclusion 


Graph theory is an useful tool for resolving networking issues in a variety of domains, including 
transportation and signal processing. It frequently deals with the issue of determining the shortest path 
within a network. Neutrosophic graph models have gained traction in real-world scenarios where 
information is not clear. These models yield membership data that is true, ambiguous, and false. This paper 
presents the notion of the maximum product of the complement of two neutrosophic graphs, an efficient 
way to combine various structural models. It is useful to investigate the regularity in the complement of two 
neutrosophic graphs when developing dependable network and communication systems. Furthermore, 
neutrosophic graphs are useful for making decisions. For example, they can be used to compare internet 
streaming services and make well-informed choices. 

Reference [13] introduces the n-SuperHyperGraph, the most general form of graph today. We are going 
to extend our work in: 

(1) Different type product of complement n-SuperHyperGraph; 

(2) Product of Neutrosophic graph and its applications on medical flied; 

(3) Product of Neutrosophic graph and its applications on textile industry; 

(4) Neutrosophic coloring graph and their applications. 
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